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4 Claims,
1

This invention relates to exhaust assemblies
for aircraft gas-turbine-engines. Such an engine
normally comprises a compressor system, com-
bustion equipment and a turbine system, the ex-
haust gases from which are directed rearwardly
with respect to the direction of flicht of the
aircraft for propulsion purposes; such reaction
propulsion may constitute sole propulsion means
for the aircraft or may be used in conjunction
with an airscrew or ducted fan driven by the
turbine system. ,

The present invention is concerned with prob-
lems arising in the installation of gas-turbine-
engines in aircraft and has for an object to pro-
vide an improved exhaust assembly which facili-
tates installation in an aircraft and enables the
structural design of the aircraft to be simplified.

A further object of the invention is to reduce
the overall drag involved in the installation of
the engine in the aircraft.

According to the present invention, in an air-
craft wing structure having a main spar, a gas-
turbine engine mounted in the wing structure
forwardly of said main spar and an exhaust as-
sembly for the engine, there is provided an ex-
haust assembly construction having a part which
extends from forwards of the main spar to rear-
wards of the main spar, said part being formed
by a plurality of exhaust pipe members having
their axes in a common plane extending sub-
stantially parallel to the direction of normal
flight, the exhaust pipe members having part-
cylindrical wall portions joining adjacent part-
cylindrical wall portions in cusp formations and
there being means interconnecting the cusp
formations between a pair of exhaust pipe mem-
bers, and a duct section located forwardly of the
main spar and said exhaust pipe members, said
duct section having a single inlet connected to
receive the exhaust gases from the engine and a
plurality of outlets one connected to deliver ex-
haust gas to each of said exhaust pipe members.
The means joining the cusp formations may be
a plane separating wall or a series of stays. Are-
duction of the minimum dimension of the ex-
haust system is thus obtained whilst by retain-
ing substantially ecircular-sectioned ducts the
weight of the ducts is kept low.

Further, in partly under-slung gas-turbine-
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of this invention is advantageous in that local
bowing of a main spar to provide clearance for
the exhaust assembly passing below it is unneces-
sary and at the same time excessive lowermg of

‘the engine is avoided.

In other aircraft constructlons, the exhaust
assembly may be accommodated .readily between
upper and lower main spars. without the latter
being shaped to clear the assembly.

As compared with known . exhaust systems
which have a single circular sectioned exhaust
duct or jet-pipe and have a minimum dimension
represented by the overall diameter of the duct,
an exhaust system of the invention adapted to
carry the same .through-put of exhaust gases
and having two or more substantially circular-
sectioned exhaust ducts has a. substantially re-
duced minimum dimension represented by the
maximum overall diameter of one of the ducts.

A gas-turbine-engine powered aircraft when
fitted with an .exhaust assembly arrangement
as set forth above, may have a nacelle which in
vertical section is of aerofoil or streamline form
to accommodate engine and exhaust assembly
with the exhaust assembly extending to adjacent
the trailing edge of the nacelle. In such an ar-
rangement the shape of the trailing edge of the
nacelle may be made more closely to conform to
a true streamline section whilst the design of
the aircraft structure may be simplified and the
installation of the gas-turbine-engine and nacelle
structure is facilitated since more space is
available in the horizontal plane than in the
vertical plane for clearance purposes.

There will now be described by way of example
of this invention, some constructions of exhaust
assembly suitable for use with a gas-turbine
engine installed in an aireraft wing for reaction
propulsion purposes. 'The description refers to
the accompanying drawings in which;

Figure 1 is a diagrammatic view of an aireraft
fitted with an exhaust assembly of this invention,

Figure 2 is a plan view of one construction of
exhaust assembly,

Figure 3 is a sectional elevation of the exhaust
assembly, the section being partly on the line
3—3 of Figure 2,

Figure 4 is a view on the outlet end of the ex-

engine wing-installations, the exhaust assembly §0 haust assembly,




Figure 5 is a section through the aircraft wing
adjacent a main spar,

Figure 6 illustrates a second construction, and

Figure 7 is a sectional elevation of the exhaust
assembly in a wing nacelle.

Referring to the drawings, the engine 9 com-
prises the turbine 16 and is located in a nacelle
il in wing 12 of an aircraft § (Figure 1). A
position for the wing main spar 28 is indicated in
Figure 1.

The ‘nacellé (i of ‘which the rear portion is
shown in Figure 4, is in vertical section of sub-
stantially aerofoil or streamline form, and will,
as is usual, have an air inlet-at-its-forward end.

The turbine I8 has an ahnular outlebt:coms«
municating with the primary exhaust unit 3
which is conveniently of krowi form compris.
ing an outer casing and an-inner substantiaily
conical fairing between which"there . 1s defined

an annular exhaust passage which merges info~

a cylindrical passage at the apex of the conical
fairing.

The secondary exhaust assembly- comprises a
duct section i4 which is bolted to the unit 13
which, as will be seen from Figures 1 and 2, has a
circular-sectioned inlefeénd {5 to register with
-the outlet from the'exhaust unit 3 and a ‘vair of
segmental outlets ‘16 it being arranged’ thut the
effective total aréa -of the- outlets 16 is ‘substan-

tially the same-as the-area’of ‘the inlet 15, "In- o

termediate the inlet 15 and outlets” 18, the duct
section flattens-and widens in o manner to en-
‘sure that-the change of flow of the ‘¢xhaust gases
through it is‘effected- smoothly.

The duct section ‘1§ delivers'to a pair of jet <

‘pipe'members- {1 which-are built-up from'a num-
‘ber-of flanged - sections ~{Ta-“which are major
‘parts’of ‘eylinders *the jet-pipe’ members having
their vaxes ‘parallel ‘and “having either a pldne
dividing-wall 1o (Figure 3) -or w series of stays 22
(Figure 6) joining “‘the cusps’'23 ‘formed at the
junctions of - the -part -eylindrical . settion 1Ta.
Fhereby “the - jet<pipe- members 1T ‘mate “With
‘the ‘segmental -outlets ‘18 “beyond ~the trailing

edge* 18 of ‘the wing but short of the outlet-end .

of -the’nacelle. | Each “jet-pipe IT°is fitted~at its
‘outlet end with andzzle 19, which projects slight-
Iy beyond the trailing’edge’of :the natelle 1.

- Prom -the foregoing -description; it will-be-ap-
preciated that the diameter of the portion*{Ta of
the-jet-pipes 17 is'so'chosen that their total eflec-
tive ‘area is “equivalént-to-the effective -area’ of
o single:jet-pipe “which would; in a-conventional
‘construction, be-fitted to the outlet from the ex-
haust unit*{3-in'place of theparts 14,17,

~It-will'be appreciated moreover-that -since the

‘axes of -the portions fTe of ‘the “jet-pipas *171ie
in a horizontal plane (as-viewed in the drawing)
the overall vertical-dimension is substantialiy less
than the corresponding- dimension- of s conven-
tional single jet-pipe, although the: overall-hori-
gontal dimension is-somewhat greatér than that
of :the ‘conventional sihgle jet-pipe.

'The artangement of the invention has tas:com-
pared with theconventional single:jet«pipeiar-
rangement)., the advantages:that in-wing:instal-
Jations: (@) Thernacelle can:conform:more closely
to a streamline- section; :(b).-The jet-pipes:are
more readily accommodated in the region of the
rear main spar of the wing. Fortexample where
the main spar-28 is of “banjo’: form as illustrated
at-21, the depth of the. “bamo” can. “be reduced;
alternatively, “where the engine. is undér-siung
local bowing of the main spar. ifi the réegion.-of
the engine is unnecessary to’ permit the exhahst
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assembly to pass below it and at the same time
excessive lowering of the engine is avoided;
where the wing is formed with upper and lower
rear main spars the exhaust assembly can be
accommodated between the spars without their
being shaped to clear the assembly. (¢) A reduc-
tion in the minimum dimension of the exhaust
assembly is obtained whilst the weight of the
ducts is kept low due to the use of substantially
“eircular-séctioned duects. ° .

“The-inereased- maximim dimehsion-of the as-
sembly does not give rise to any disadvantage in

:iinstallation since the greater width can be read-

Ay accommodated.in a wing structure.
15 -

-~ 7Fhe-use as far as possible, of part-circular por-
tions [1a throughout the exhaust assembly has

the -advantage that-the weight of the assembly -
-ois-kept-low-in respect to the pressure loading to
~Hyhichthe-ducis-are subjected internally.

Theinveéntion is not limited to the use of an
exhaust assembly “having two parallel exhaust

©.I: duets,since if :desired three or more parallel ex-
sihaustoduets may be prov1ded in an exhaust as-
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sembly

In the constructlon illustrated, each exhaust
duct {7 is provided with a separate propelling
‘nozzie ‘19. ' It is contemplated “that in certain
‘cases a single’ exit nozzle may be-provided, the
flow through theducts 7 being-unified by means
‘of & duct section functiohing inthe reverse man-
nerto the duct gection 14, ' Buch an arrangement
‘may be adopted to enable ‘the ‘exhmust ‘duct - to
‘avoid structure of the-airframe which would pre-
‘vent -the passage of a contintous-single- exhs,ust
-duct

~YWe-claim:

1. In an aircraft wing structure having amain
‘spar; a gas-turbine engine mounted in the ‘wing
structure forwardly ofsaid main spar-and-an-exs
haust assembly for’ theengine, a -construction’of
said:exhaust assembly having a-part-which-ex-
tends from forwards’ of the “mainspar to rear-
‘wards:of the main-spdr, said part-being* formed
by @ plurality of-exhaiist pipe’ members -having
theiraxes in a common plane extending’substan=-
tially parallel to the direction of hormal-flight,
the exhaust' pipe meémbers having part<eylividri-
tal“wall portions’joining adjacent partecylindri<
tal wall- portions in cusp" formations and -there
belng mearis' interconnecting  the cusp formations
between a-pairiof- exhaust’ pipe members, and -a
duct section located forwardly of ‘the main ‘spar
and “said-exhaust’ pipe members; said ‘duct-see-
tion ‘having o single”inlet ‘connected -to- receive
the'ethaust gases from theengine and-a plurdlity
of ‘outléts one: connectett-todeliver-exhatst gas
‘to eich of sald exhiaust pips menibers.

2.-A eonstruction “of “éxhaust ‘assembply: “as
‘claimed in claim I} wherein'‘the ‘means- jommg
the cusp’ formations isa' plane-separating wall.

8. A eonstruction ‘of “exhaust: assembly-as
clalmed il claim 1; wherein the means joining-the
‘cusp Tormations compnses ‘g series of stays.

‘4, In-an-aireraft wing structurehaving:a main
‘spar, ‘a”gas-turbine engine’ mounted:in-the wing
structure forwardly of “said main spar’and -an
exhaiist assembly for the engine, a’constriiction
of said ‘exhaust “assembly having the pary which
‘extends from forwards of-the main spar to'rear-
wards . of the main spar, said part-being formed
by two exhaust pipe members having -their-axes
parallel and-éxtending substdntially-iristhe direc-
tion of normazl flight, each ‘eXhatist-pipe member
comprising a wall portion‘which: is'the major part
of a cylmder and JOth ‘the:other" Wau pnrtlon
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in cusp formations and means joining the cusp
formations, and a duct section located forwardly
of the main spar and said exhaust pipe members,
said duct section having a single inlet connected
to receive the exhaust gases from the engine and
two outlets one connected to each of said exhaust
pipe members to deliver exhaust gas thereto, said
exhaust pipe members having a total effective
area substantially equal to the effective area of
the inlet to the said duct section.

GEORGE OULIANOFF,

CHRISTOPHER AINSWORTH DAVIS.
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